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Abstract: This study employed near-infrared spectroscopy (NIR) combined with machine learning
methods to discriminate Angelicae Sinensis Radix from its four similar herbs (Angelicae Pubescentis
Radix, Chuanxiong Rhizoma, Atractylodis Macrocephalae Rhizoma, and Angelicae Dahuricae Ra-
dix). A total of 191 samples collected from different regions were analyzed, and their NIR spectra
were acquired. Principal component analysis (PCA) was first performed for unsupervised visualiza-
tion. Subsequently, six machine learning models, including soft independent modeling of class anal-
ogy (SIMCA) , partial least squares—discriminant analysis (PLS—DA) , back propagation—artificial

neural network (BP=ANN), random forest(RF), convolutional neural network (CNN), and extreme
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learning machine (ELM ) , were established. Model performance was evaluated using the confusion
matrix, recall, precision, Fl-score, and accuracy. The results indicated that the PCA score plot
failed to effectively discriminate the five herbal medicines. Among the six machine learning models,
the ELM model exhibited the best classification performance in terms of accuracy, recall, and F1-
score, achieving 100% accuracy on the prediction set and outperforming the other models. Therefore,
NIR spectroscopy combined with ELM can accurately discriminate Angelicae Sinensis Radix from its
four similar herbs.

Key words: Angelicae Sinensis Radix; discrimination analysis; near-infrared spectroscopy;

chemical pattern recognition; machine learning
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Fig. 2 Near-infrared spectra of ASR and its four simi-
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Fig. 3 Two-dimensional PCA score plot(A) and three-dimensional PCA score plot(B) of ASR and its four similar herbs

2.3 BHMK 144 _:222:)

TR H(PC) & SIMCA BB B SESH, lde 121 L99.99 _
LU, P, TESIMCA BELHT, WATEMEE 1]
F . BT SIMCA T ZERHNZREE & — 2O H é 08 ZZ: %
AT PCA. BULAMBIE TSI M A poARR D08 o
11 5 BRI B F SIMCA BB i 257 fn - ™ L0994 2
(PRESS) 5 J7 2% 51 Bk & (Variance contribution) , R #& e 99.93
PRESS {H iz /N5 Variance contribution {B ¢ S € S {8 0_0 T 0 2 b by [
TR E 450 SIMCA SR P Y V34 5 ) PRESS {EL I P

Variance contribution [ifi £ i 2 0 A5 AL I8, B ZE 3 ik 4y 4 SIMCA B 4945 PRESS Fil Variance
BN, PRESS AW/, Variance contribution 4= ¥t Fi mfltr.ibuti(?n Fﬁiﬁi%ﬁﬂﬁﬂ{% o
ig.4 Variation of PRESS and variance contribution

WK . M s N E] — G, PRESS Ml Variance  with the number of principal components for ASR sam-
contribution #f # F f2 %€ , PRESS # T 0, Variance ples in SIMCA modeling
contribution #4F 100%. ZEAHHE, 4VAFES SIMCA BFA) A £ 80 M 4. 25t Jky& . il
2 AR B EE SR E E R B 3. 5. SHIS,

PLS-DA SR o ) PR P40 (LV ) J s i R 4 2R PR RE () 2245, o LLad ok B0 iE ih Z6e 55 i 1)
TH BN T, TSR e EERIPERE, Hrhd 2R AR RIE, midn



55 439 TREESCAE : UTLLAMCHESE S HL AR 200 24 YA B HARL o B o 1 25001 677

DTN B S BRI Ay o T TR B AR R TR 3 100]

$ 77 35 H Ay KPERESCIF B0 I T4 . AIEL S T LA U

T A B R B 2 DA T B B TR Y e ™

LT LI, T i R AR A, AR T 21%. 41 £ 60

THAE 1~5 SN, B R K e, E

A FBEK 0 5 B, T O R i 90%. 4 P A 6~ £ 40

13 P DA F U0 o 9 5 0 G R A B T 2 A 0l .

FEOHED 13 )5, FNHET R LERAE 100%, 255 7% S 0 4 8 llﬁv 16 20 24

PMELASERILERE ., DWEhLEERTEOb 6. (5 S04 LA 59060 PLS-DA GBI
BP-ANN & —Fh B TR 22 S A 3 Hk N ki £ )2 A TN T R B TR0 A AL el

RIS ZE IS, I T 50 5 e 0 A o A o A A Fig.5 Variation of training set prediction accuracy
E‘?/%%ii $ﬁﬁ%*@@?@ﬁ$p§)§ﬁg j}%ﬁﬁ/f%wiéé WJQ% with the number of factors in the PLS—DA model for dis-
= o I _ 1 = =

e A T L . e i A et e b g o . criminating ASR and its four similar herbs
L 0 15 2 8O 10, BUBEE o |
Fl Y4TSR BP-ANN 322

MATLAB Hjii i patternnet BREUSEHL, 1% R E 255025 -

%2
BIF S S RS TN L 2 2T QI = B S 12 WA R 6 Tablel ~Main parameter settings of the BP~ANN for
*@%W%%*@ o U”gﬁ? Hﬂ‘&ﬁﬁ}ﬁ"éﬁ“{}h\éﬁ N U”éfﬂ &) g % discriminating ASR and its four similar herbs

TR RETESH, JEUH SRR kit gy, N gy Momen Numberof Nodes i
W B LI . N e N P- . . tum fac- hidden lay- 1dden
RUASHURRMNE |FFR, LTI BP-ANN BUHAE  gn  menal ingraie 0 R BT AT
AT TR S A R 6 R, AT 2000 S0 001 09 1 10

SEBURT 2 V5 J 4 FhAH LL it B A 1 3 S 2]

T 92.20
YLHEI (Tree) BORIN T (Leal) MU I REBUBYERE - | &
BIPIAZH . SRR T LR B BRI B E KR R
B, (H 23Nt SRS s BRI R0 ARG (kgL 55 || pr2s0
&, BRBURIIZLRE S MTRE LM . 27 Bl
USRI BB A 25, TR 1, TR0 1B S 20, %Z B 5
IR A 1, SERMEARRI FRA 28, s | W00
6 TR, MBI N b 52K P48 A R S ”
B, MEPER RO, ST 4. T 205 <G
HEFIRIEES: 2T CNN ST AN . ARSI 6 o et a ke oLt S0 0 R ey
R (S G2 502 ) Iy B (S 2 EHE S e SR AR ERIT -0 A5 Ak P

it e, O BT A {0 Veriation of modelaccuracy withthe mumber of
ST, ARBITER MR A MRS IITR . L aing ASR and it four similar hetbe
ST B R 2 b T SR IRE , T 4 4
Ha BN | DO U, | AR I T Softmax 492240 i TP 79, AR 45 AR e
WAL B ReLU Ml — i ib” St , FOh B BUZI PR/ NS T3, 16
B0, EEEGR R, KU 16, 32, WALRIAONIIE K182, TRRTCEE . FMIEERYR S
RelU S AR ASIH )2, SH bR UL R T B R v . S TS BB R R 2
DL B 22 )0 R, BRI T 64 128, MBS BUS AN S BRI E , FE5INZ R
LR AR ERARAE 7. 2SRk R 2 A BT, 1S5 4o 1 T A 245 128 S
WHEAE P FE G 0 128 4l i, WS 2o M 260805y Bk 128 | S DA A2, ST U IE 326 1%
)WL, S Softmax BR AT S MIE R 011

AT B ORIV 27 J2 4 OB 200 LM OPERE G T Al 3800 B ST LA B 70000 )11 %
SRR, T4 PR B A5 J2 T A ST LUT B 0 4 4 AN RS 1. FESSRRMI Y, 31\ MSR #E£73k
.M RBR) WM S hREEL . oY RAGIEIE K, bRl IER M, MSR R . X7
FERIVEBE B> . ASBFSE 4l Sig. Sin. Hardlim, Tribas Fl Radbas BRELAE MG e 4, IFKBBES 2
TEETEZE 100, BIFSBE RS, SR ME 8 R, MRIEMSR Ik FEMSEL, S BT AL



678 SR AR (http://www.fxesxb.com) o453

PEHL Sig, FRET1T N 44,

Convolution MaxPooling Convolution MaxPooling Convolution Convolution FullyConnected FullyConnected
layerl  layerl(2,2)  layer2 layer222) layer3 layer4 layer1(32) layer2(5)

=4
e O i i
G 7 7 Output
M . Convolution
\V//\\\Eﬁ  Layer1(16,3,1)  Layer3(64,3,1) SoftmaxFRK
Inputspeca | Ler2023,D [ Layerd(128.3, 1), Classily

7 U R A TR AL S0 ) CNN ASTRY I 2% 2 4 7R 1
Fig. 7 Schematic diagram of the CNN model architecture for discriminating ASR and its four similar herbs
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Table 2 Comparison of classification evaluation metrics for different models on the prediction set of ASR and its four similar herbs

Evaluation metric Component SIMCA/% PLS-DA/% BP-ANN/% RF/% CNN/% ELM/%
Recall ASR 85 92 69 69 62 100
APR 100 100 100 100 92 100
CR 100 100 100 100 100 100
AMR 67 92 92 100 92 100
ADR 100 92 85 85 92 100
Precision ASR 92 92 100 100 100 100
APR 92.3 100 87 100 92 100
CR 100 100 87 87 93 100

AMR 100 100 85 86 92 100
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Evaluation metric Component SIMCA/% PLS-DA/% BP-ANN/% RF/% CNN/% ELM/%

ADR 76 86 92 85 71 100

Fl-score ASR 88 92 82 82 76 100

APR 96 100 93 100 92 100

CR 100 100 93 93 96 100

AMR 80 96 88 92 92 100

ADR 87 89 88 85 80 100
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